Metapontum Forest Reserve is an artificial formation located between mouths of Bradano and Basento river, it is composed prevalently of Aleppo pine (Pinus halepensis). In recent years, the Metapontum coast is characterized by a strong erosive process which has really removed the dune behind the beach moving in the inland and causing the decline of the historical pinewood. This negative effect on plant was induced by an increase in soil salinity, which is one of the major abiotic stresses. A clear understanding of the molecular mechanisms involved in plants response to salt stress is fundamentally important for plant biology. The salinity soil causes broad variety of physiological and biochemical processes, as oxidative damage, also has a negative effect on energy metabolism, which unavoidably resulted in a decreased ATP production through photophosphorylation and, thus, affected the Calvin cycle in photosynthesis. A proteomic approach was utilized to identify key protein which result to be directly responsive to salt stress. Total proteins were extracted from the leaves by a combination of TCA-acetone and phenol, and separated by two-dimensional gel electrophoresis at pH 5 -8. Spots were stained with Coomassie Brilliant Blue and analyzed with the software PDQuest 8.0 (Bio-Rad) to identify differentially expressed polypeptides. Preliminary analysis revealed around 29 differentially expressed proteins, and they were sequenced by MALDI TOF and LC-MS/MS. Sequenced spots were classified in different functional classes.
Introduction
Soil salinity is one of the most widespread problems that limits the productivity and geographical distribution of plants [1] . Natural events and human practices, such as irrigation, can cause salts to accumulate into environment [2] . Excess NaCl in the soil solution interferes with mineral nutrition and water uptake, indeed, land salinity inhibits plant access to water by increasing the osmotic strength of the soil solution, as the soil dries, the land solution becomes progressively more concentrated limiting the availability of water to the plant. Moreover it leads to accumulation of toxic ions in plants, and it represents a serious risk not only for agricultural crops but for all plant species of the whole earth.
To reduce these detrimental effects, the plants have to readapt their gene expression and subsequently the protein profile into whole plant. Several strategies were used to get well again cellular homeostasis association whit processes of repair and detoxification [3] . Usually salinity involves three different responses: dehydration of the cells as a result of the low water potential, nutritional imbalance caused by interference by saline ions in the uptake and translocation of essential nutrients, and toxicity as a result of accumulation of large amounts of Na
Sampling Area
Metapontum Forest Reserve (40˚22'N, 16˚51'E), is located between mouths of Bradano and Basento river, is an artificial formation, protecting the vegetable cultivations from salt sea wind (Figure 1) . The forest is composed of Aleppo pine trees (Pinus halepensis) and domestic pine trees (Pinus pinea) prevalently. Secondary species are acacia saligna (Acacia cianophylla) and eucalyptus (Eucalyptus globulus, E. camaldulensis), besides to other species that are typical of Mediterranean scrub as Pistacia lentiscus, Juniperus macrocarpa and Juncos acutus, often mixed with the type of vegetation which prefers sandy soil (called "psammofila"). Marine erosion has really removed the dune behind the beach moving in the inland and causing the decline of the historical pinewood. Dunes and its vegetation are a natural defences against erosion by wind and sea and the variation of the line of the seashore is in close connection with the development of coastal dunes and their preservation [6] .
Moreover, reduction of the coastal dune system in the study area, facilitates the entry of salt water; dunes in fact, for their elevation and good infiltration capacity, give a sufficient freshwater recharge and a pressure above sea level, allowing hydrostatic control of saline intrusion [7] .
On the basis of meteorological data, the climate of the sampling site is semiarid with hot and dry summers [8] .
To evaluate the level of salinization in this area, resistivity measurements were conducted as tomographies to determine variations with depth in soil resistivity. Resistivity values corresponding to layers saturated by seawater were found with different magnitude (brackishto-saline); in particular, along the area the vertical diffusion interests the layer active for plant roots limiting their development.
Needle leaves samples were obtained from wild Aleppo pine trees in this forest.
Evaluation Soil Salinity
The identification of seawater intrusion was done by various methods including geochemical and geophysical techniques. Geophysical resistivity methods are advantageous as they are indirect methods, rapid and relatively inexpensive [9] [10] [11] .
To evaluate the soil salinity determined by seawater intrusion phenomenon, non invasive geoelectrical investigation was carried out, this survey allowed to assess the extent and depth of the saltwater intrusion process.
The electrical resistivity tomography (ERT) or electrical imaging is a geoelectrical method widely applied to obtain 2D and 3D high-resolution images of the resistivity subsurface patterns in areas of complex geology [12, 13] . Electrical Resistivity Tomography (ERT) were obtained using the georesistivity meter Syscal R2 (Iris Instruments) connected to a 48-channel multiplexing unit, with electrodes spacing on the surface of 10.00 meters.
The electrical tomography was orthogonal to the coastline and in direction of trees sample utilized for detection and identification of salinity stress-responsive proteins (Figure 2) .
Electrical resistivity values are related to geological parameters of the subsurface and, in particular, resistivity values are controlled by the types of rocks and fluid. Then, the high-resolution electrical images are a powerful tool to identify conductive zones for the saltwater intrusion phenomena.
Electrical imaging, in Figure 3 , shows a significant trend of resistivity, in fact, the resistivity section is characterized by two zones with different resistivity values: the first zone, towards the inland of the Forest Reserve and throughout the thickness of soil explored, shows moderate to high resistivity values 10 -220 Ω·m, while the second zone, towards the sea, shows very low resistivity values.
Materials and Methods

Sampling and Protein Extraction
Needle leaves were sampled by nine Aleppo pine trees in Metapontum Forest Reserve.
Particularly, three areas were localizated, each with different degree of salinity, in fact the salinity values increase from inland towards the sea, and in each area by three trees were collected needle leaves samples, obtaining nine samples per area.
Samples transported to the laboratory in liquid nitrogen were stored at −20 degrees Celsius until protein extraction.
Needles (2 g fresh weight per sample) were ground to a fine powder with liquid nitrogen using a mortar. The powder was suspended in 8 mL of 10% (w/v) trichloroacetic acid (TCA)/acetone solution containing 0.07% (w/v) polyvinylpyrrolidone (PVP). The mixture was filtered through Miracloth (pore size of 25 μm) to eliminate cell debris. Proteins were allowed to precipitate at −20˚C for 1 h; and the precipitate was recovered after centrifugation at 35 000 rpm for 30 min. The pellet was cleaned with 8 mL of cold (−20˚C) acetone, keeping the extract at −20˚C for 30 min, and then centrifuged at 20,000 rpm. The cleaning process was repeated once.
Two-Dimensional Electrophoresis (2DE)
Protein pellets were washed with ice-cold methanol (once) and ice-cold 80% acetone (3 times), dried under reduced pressure and dissolved in IEF buffer (9 M 
Image Acquisition and Analysis
Gel image analysis was performed using the PDQuest software (Bio-Rad). Spot detection and matching between gels were performed automatically, followed by manual verification. Protein spots were annotated only if detectable in all gels. After normalization of the spot densities against the whole-gel densities, the percentage volume of each spot was averaged for six different (three replicates of two biological samples) gels and statistical analysis (by Student's t test) was performed to find out significant protein fold changes between control and treated plants. A two-fold change in normalized spot densities was considered indicative of a differentially synthesized protein.
Protein Digestion of Proteins and LC-MS/MS Analysis
Stained protein spots were manually excised from the gel and destained according Valledor et al. (2007) with two washes at 37˚C for 30 min with 100 μL of 100 mM ammonium bicarbonate/50% (v/v) acetonitrile (ACN). Gel spots were washed twice in 20 μL of 25 mM ammonium bicarbonate and then dehydrated with 20 μL of 25 mM ammonium bicarbonate/50% (v/v) ACN followed by a wash with 20 μL of ACN. Gel pieces were fully dried in a SpeedVac. For digestion, the gel pieces were rehydrated in 20 μL of 25 mM ammonium bicarbonate solution containing 12.5 ng/μL trypsin (sequencing grade, Promega) and incubated on ice for 45 min. The supernatant was discarded, 10 μL of 25 mM ammonium bicarbonate was added to the gel, and then, this was heated for 2 × 5 min in a microwave oven at 200 W. The peptides were extracted in 0.5 μL of 10% trifluoroacetic acid (TFA), with frequent vortexing for 15 min. Samples were evaporated to dryness and stored at 4˚C until MS analysis. Samples were reconstituted into 20 μL of loading buffer (2% ACN (v/v) vs 0.5% (v/v) formic acid) and analyzed by liquid chromatography/tandem mass spectrometry. Digest peptides were concentrated and desalted on a C18 trap column (PepMap C18, Dionex) using a Tempo 1D nanoLC system (Applied Biosystems). Peptide separation was achieved on a reversed phase C18 column (PepMap C18, 75 μm i.d., 15 cm) using an 18 min linear gradient of 5% -35% (v/v) ACN versus 0.1% (v/v) aqueous formic acid. The eluent was analyzed on hybrid triple quadrupole/linear ion trap mass spectrometer (4000 Q TRAP LC/MS/MS System, Applied Biosystems) equipped with a heated Desolvation Chamber Interface set to 150˚C and operated under Analyst 1.4.1 software. Up to five peptide precursor ions detected by a linear ion trap MS scan were first subjected to a high resolution MS scan to determine charge state and molecular weight. Suitable precursors were then fragmented by Enhanced Product Ion Scans (EPI) [14] In this scan mode, precursors are selected in Q1, fragmented by collision with nitrogen in the Q2 collision cell, and mass analyzed in the Q3 linear ion trap. The collision energy was dynamically adjusted according to the charge state and MW of the precursors. The resulting spectra have been shown to be suitable for de novo sequence analysis [15] . The average cycle time for this experiment was 3.5 s.
Identification of Proteins from LC/MS/MS Data
Because of the poor protein and DNA sequence database coverage for Pinus, proteins were identified from the LC/MS/MS data using a novel approach that employs the recently introduced Paragon algorithm present in the commercial ProteinPilot software (Applied Biosystems) [16] . For each spot, the list of detected proteins was then consolidated using the ProGroup algorithm incorporated in the ProteinPilot software. A protein hit is only reported if it has at least one unique, high scoring peptide sequence assigned to it that is not implemented in other protein hits. This approach efficiently consolidates the large number of similar protein entries from different species expected in the given scenario, without obscuring valuable information about the existence of potential homologues.
plant responses to stress and to identify candidate proteins whose abundance changed upon stimulus exerted by salinity of plant basal defense. 2-DE has been criticized for its low reproducibility when a direct comparison of different gels is performed. These kinds of comparisons should only be performed after the definition of analytical and biological variations, which support gel-to-gel spot comparison statistics. The origin of the analytical variation is related both to experiment procedures (protein extraction, IEF, SDS-PAGE, gel staining-destaining) and hardware/software accuracy (image acquisition and analysis), contributing to the variation in gel patterns and spot quantification. Biological variation is caused, among other factors, by environments and microenvironments. For the determination of the analytical variance, 3 independent protein extracts from homogeneous needles of the same branch of one tree were used, while for the biological variations, 3 different protein extracts, each one from a different tree, were used.
Proteins were extracted from the needle leaves and separated by 2D-PAGE electrophoresis within the pH range 5 -8 and mass range 10 -250 kDa. Representative gels are shown in Figure 4 . To determine quantitative changes in relative spots densities for needle leavestreated compared to control, colloidal Coomassie-stained gels were subjected to comparative software-assisted image analysis.
Average proteomic maps showed 352 spots in control sample, 502 spots in "middle sea" sample and 416 spots in "near sea" sample, with a degree of similarity for the different treatments of 75% ("middle sea"/control) and 77% ("near sea"/control). Statistical evaluation (p < 0.05) of relative spot densities allowed to detect spots differenttially expressed in challenged needle leaves with at least a two-fold increase or decrease, as compared to control needle leaves. In total, 29 differential spots were detected between treated and control plants.
These spots were excised from gels, proteolyzed and subjected to LC/MS/MS analysis for protein identification. Identified protein, together with their quantitative variations, are reported in Table 1 . To better comprehend the changes of differentially expressed proteins under different treatments, the mean value of optical density for each differentially spots are shown in Figure 4 .
We found that almost all of the identified proteins increase their expression levels as we move closer to the sea, in fact we have a steady enhance, in both samples, of proteins involved in the strees (spot 1, 2, 4, 5) that are all Heat shook protein, only spot 4 have a different trend, becouse it decrease in the middle and increase near the sea. Also the dehydroascorbate reductase (DHAR) (spot 21) is up-regulation, it is responsible to regenerate ascorbic acid (Asc) from an oxidized state regulating also his cellular redox state, this is significant as it is a major antioxidant in plants that detoxifies reactive oxygen species (ROS) and maintains photosynthetic function. We detected also other protein of oxidative stress whose levels enhance, dehydroascorbate reductase, thioredoxin peroxidise, glutathione peroxidase 1, Cu-Zn superoxide dismutase, peroxiredoxin, fragment (spot 21, 22, 23, 24, 25) , that are involved on cell responsiveness and tolerance to environmental ROS. As for proteins involved in the metabolism/energy we have a down regulation of glyceraldehyde-3-phosphate dehydrogenase, cytosolic, fructose bisphosphate aldolase and ribulosio 1,5-biphosphate carboxylase, large subunit fragment (spot 12, 14, 15 and 20) into two treatments, whereas alcol dehydrogenase (spot 10) involved in the energy, malate dehydrogenase, mitochondrial precursor (spot 27) involved in the tricarboxylic acid cycle and glutamate-1 semialdehyde 2,1 aminomutase, chloroplastic precursor (spot 19) involved in the synthesis of chlorophylls increase their levels of expression.
Putative oxireductase, zinc-binding (spot 9) involved in cold stress with cysteine protease inhibitor 1, precursor (spot 18) result up-expresses in our study. Inorganic pyrophosphatase (spot 26) is another protein whose levels increase during salt stress. It is an enzyme that catalyzes the conversion of one molecule of pyrophosphate to two phosphate ions producing a high exergonic reaction available for cellular reactions. The functionality of this enzyme plays a critical role in lipid metabolism (includeing lipid synthesis and degradation), calcium absorption and DNA synthesis, as well as other biochemical transformations. Notable is the up-regulation of protein 3-beta hydroxisteroid dehydrogenase /isomerase, putative (spot 28) because it is involved in acid abscisic response and we know it is the hormone involved in different kinds of abiotic stress. In conclusion we have the Chalcone synthases (CHS) (spot 29) who is associate in the synthesis of Flavonoids, a class of organic compounds that perform a several function in the cell, including a roles in stress protection [17] .
Discussion
The response of plants to an excess of salt is quite complex and implies several changes in morphology, physiology and metabolism, depending on many factors including the intensity of the stress, the natural capacity of plants to cope with stress situations, and the response or acclimation by induction of defence systems and metabolites which diminish dangerous or even deleterious effects [18] . The ability of plants to modify their behaveiour appropriately in response to these environmental constraints is a major factor in their adaptation to these specific conditions. These responses include physiological as well as biochemical and molecular changes. The development of plants with enhanced stress tolerances is crucial not only for food security but also for ecosystem conservation in the future. The aim of our study is to examine the effect of salt stress on the behavior of pine at the proteome level in order to identify proteins involved in the response of pine to salt stress.
Proteomic analysis of this study revealed that the proteins associated with defense was differentially expressed upon salt stress, in this group we found the Heat Shock Protein 70 kDa (spots 1, 2, 3, 4) and the chaperonine 60 kDa (spots 6,7).
Heat shock proteins (HSPs) are a group of variety and ubiquitous proteins universally found in organisms involved in several cellular processes including protein folding, protein transport across membranes, modulation of protein activity, regulation of protein degradation and prevention of irreversible protein aggregation [19] . Some HSPs are also induced upon exposure to abiotic stresses, such as cold, salinity, drought, oxidation and heavy metals, which suggests that HSPs are likely to be involved in a broad range of abiotic stress tolerances [20] HSPs primarily function as molecular chaperones under stress conditions by preventing protein denaturation and/or correcting folding of partially unfolded proteins [19] . The 70-kDa Hsp are located in the outer chloroplast membrane and stroma [21] probably there are involved in the process of stress acclimation. In our study, we observed that salt stress induce increase of expression of 70-kDa Hsp, above all in the stress.
We detected that the chaperonin 60 kDa (Cnp60) induces a significant increase of his expression in stressed sample compared with control. These proteins are key components contributing to cellular homeostasis in cells under both optimal and adverse growth conditions [22] . Chaperones after exposure to salt stress could play a pivotal role in preventing the aggregation of denatured proteins and facilitating refolding, and decreasing the intracellular level of ROS, thereby protecting PSII function during stress [23] [24] [25] . Heat-shock proteins have a wide range of cellular functions, including acting as molecular chaperones, and in literature has been shown that Cnp60 and HSP70 could associates with complex rieske ironsulfur protein in the chloroplast stroma, which contrib-utes to the photoprotection and repair of photosystem II during stress [26, 27] .
As above, NaCl elicits ionic toxicity producing reactive oxygen species (ROSs) [28, 29] . In fact Herna'ndez have been demonstrated in pea (Pisum sativum) plants, that the metabolism of chloroplasts and mitochondria under NaCl stress favoured the formation of O 2 and H 2 O 2 in two pea cultivars differing in NaCl sensitivity [30] [31] [32] . The excess production of ROSs affect cellular structures and metabolism, cause membrane damage that eventually leads to cell death [33] even if they can also have positive implications due to the possible signalling nature of some of the species produced [34] [35] [36] . Therefore, plant cells need different mechanisms, which enable the detoxification of excess ROS and keep the balance of the formation and removal of ROS. For protection against ROS, plants contain antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) or ascorbate peroxidase (APX), as well as a wide array of non-enzymatic antioxidants [37, 38] .
The increased activities of glutathione peroxidase (spot 23), peroxiredoxin (Prx) (spot 25), thioredoxin peroxidase (Trx) (spot 22), dehydroascorbate reductase (spot 21) and Cu-Zn-superoxide dismutase (spot 24) detected in this study are presumed to limit cellular damage and enhance the plant's antioxidative capacity to defend stress. The possible role of Trx and Prx in the response of plants to abiotic stress including salinity and their involvement in plant tolerance to stress has been less studied [39] [40] [41] , although a role in redox sensing and signal transduction has been proposed [42] . In addition, a thioredoxin/peroxiredoxin (Trx/Prx) system which includes an NADPH-dependent thioredoxin reductase (NTR) and glutaredoxin has been described in plant mitochondria, similar to that in chloroplasts [43] [44] [45] . This system is involved in redox homeostasis and may also act as an antioxidant by eliminating hydroperoxides, including H 2 O 2 [39, 46] .
The salinity induced an oxygen-limiting conditions, this affects on metabolism. In fact, in this condition pyruvate can either be converted into ethanol by pyruvate decarboxylase (PDC) and alcohol dehydrogenase (ADH) or to lactate by lactate dehydrogenase.
We observed that salt stress induce an increase expression of alcohol dehydrogenase (spot 10). The role of alcohol dehydrogenase in tolerance of crops to flooding stress has already been identified [47] . Under stress, plant respiration shifts from aerobic to anaerobic pathways (alcoholic fermentation) for generating ATP for growth and maintenance processes. Alcohol dehydrogenase was found up-regulated, in this study, indicating the main role of this enzyme produce ATP and consume glycolytic products under salt stress.
The decline in growth is a general phenomenon in many plants when subjected to salinity stress and is often associated with a decrease in their photosynthetic capacity. The decrease in photosynthesis induced by salt stress is mainly associated with the partial stomatal closure and/or the non-stomatal limitation, which is involved enzymatic processes of CO 2 assimilation [48] .
We have an alterated expression of another protein involved in energy/carbon metabolism, as glyceraldehyde-3-phosphate dehydrogenase (spot 12), fructosebisphospate aldolase (spots 14, 15) and rubisco large subunit (spot 20) that are down-regulated suggesting that they play a role in salt stress. Glyceraldehyde-3-phosphate dehydrogenase has a main role in tolerance to salt stress and there are several reports related to its relationship to improved salt tolerance in plants [49, 50] . Under salt stress, which inhibits photosynthesis, the substrates for glycolysis decrease and there is a resulting decrease in the rate of the glycolytic reactions to conserve energy and limit further generation of ROS [51, 52] .
By contrast to other proteins involved in energy metabolism, our results showed that malate dehydrogenase mithocondrial (spot 27) is up-regulated, in fact was reported to be responsive to salinity stress in root and suspension cells of Arabidopsis [53, 54] and pea roots as well [55] . In addition, malate dehydrogenase was upregulated by long-term salinity stress in Thellungiella halophila leaves [56] .
In the present study we have found a negative modulation of auxin-induced protein (spot 13). This protein belong to the aldo/keto reductase 2 family and is involved in auxin signaling pathway. His down-regulation is probabily signal of low concentration of this hormones. Although we know that auxin's effects on abscission and senescence was first reported >50 years ago [57] , the involvement of this hormone in senescence is much less understood than that of ABA, ethylene, or CKs, and it is difficult to conclude that it antagonizes senescence [58] . Therefore, although a low IAA content could stimulate senescence on the basis that this compound has been generally seen as a senescence-retarding factor [59] decreases the expression of the SAG12 (senescence promoter) [60] ; however it seems unlikely to be a primary factor in the onset of salt-induced senescence, but probably could interactions with other hormones, such as ethylene, and metabolic fluxes [59] .
In conclusion taking into account all the result collected in this study the effects of salt stress can be summarized as follows: salinity stress decreased water availability; increased amount of ROS and electrolyte suggest that salinity causes cellular damage, whereas the increases of antioxidant enzymes and Heat shock protein enhance the salt tolerance.
Nevertheless, futher more work is needed to identify another salt-responsive proteins which may be involved in physiological and biochemical responses to salt stress including signal transduction, mRNA processing and the regulation of the cell cycle.
Conclusions
Metapontum Forest Reserve is an area that was established since 1934 and plays an important role in the landscape hosting to a large and diverse groups not only of plant species, but also animals, that found in this area an ideal habitat for their survival. Our study was aimed to characterizing the responses of d'Aleppo pine to NaCl stress at proteome level. It is particularly important understand how plants acquire stress tolerances due to their sessile nature. The proteins in pine needle leaves that were identified as being affected by salt stress include proteins involved in photosynthesis (down-regulated), defense and protein folding (up-regulated). This protein pattern is more visible as we approach the sea, due to increased soil salinity. Taken together these results suggest that exposure to high concentrations of salt causes gross up-regulation of the defense-related proteins in pine neddle leaves, which is possibly the reason of ability to protect cells against salt stress.
Using 2-DE electrophoresis, we identified 29 proteins that significantly up-regulated or down-regulated due to NaCl stress. This study may reflect the fact that, these identified proteins seems to be involved in diverse biochemical reactions imparting tolerance to NaCl stress in pinus. Our findings reveal a series of changes at the protein level that may provide insight into stress tolerance nature.
